We report a first attempt at model-building using the fermionic formulation of string theories directly in four dimensions. An example is presented of a supersymmetric flipped SU(5) x U(1) model with three generations and an adjustable hidden sector gauge group. The simplest version of the model contains most of the Yukawa couplings required by phenomenology, but not all those needed to give quark flavor mixing, or tree-level masses for all right-handed neutrinos. These defects may be remedied in a more general version of the model. _
The choice of gauge group for string theories formulated directly in d = 4 dimensions is much more extensive, and is imperfectly understood as yet. An interesting subclass of models is offered by supersymmetric compactifications of the E&3 x El heterotic string. Early attention was focused on Calabi-Yau manifold compactifications [2] , but has subsequently been extended to other manifolds [3] and to orbifold compactifications [4] . The most systematic approach to this ambiguity in the four-dimensional gauge group would be to use one of the general formulations of string theories directly in d = 4, using either bosonic [5] or fermionic [6] [7] [8] [9] variables to describe the internal degrees of freedom.
The range of choice in four-dimensional theories is embarrassingly generous, and no systematic enumeration of models has yet emerged. The alternative strategy, followed here, is to start from the bottom up, looking for models which contain phenomenologically favored ingredients such as the Standard
Model or a plausible Grand Unified Theory (GUT In this paper, our tool for obtaining this uniquely simple GUT is the fermionic formulation of four-dimensional strings, as developed in refs. [8, 9] . We exhibit a choice of boundary conditions for the world-sheet fermions which yields imme- 
when parallel transported around the string. In this case, E forms a group under addition (mod 2)) and can therefore be generated by some basis B E {h, bz, . . . . bN}. It has been shown [8, 9] that to every element cy of B there corresponds a sector U, in the string Hilbert space X, and to every basis element bi of B a fermion number projection:
: -where -F is the vector of all fermion numbers defined: F(f) = 1 = -F(f*), the . dot product is Lorentzian (left minus right), 6, is the space-time fermion parity a and the phases c 0 bi are constrained by multiloop modular invariance.
In order for this paper to be self-contained, we now give the explicit form of the constraints on the basis B and on the phases c for generic rational boundary conditions [9] .* ~23) The number of real fermions which are simultaneously periodic under four boundary conditions bl, b2, b3, bq is even.
Phases c bl) We choose the c($ for i < j such that they are simultaneously &. X (Nj" root of unity) and 6bj X exp{iz bi . bj} X (Nib root of unity).
b2) The remaining phases are calculated using the properties __ * We consider here neither some exceptional cases, nor the nontrivial realizations of worldsheet supersymmetry discussed in ref. [9] . t The Lorentzian dot-product counts each real fermion with a factor l/2. 
__
Before starting to build a model, we note a simple but very crucial relation between the world-sheet fermion numbers F(f) and the U(1) charges Q(f) with respect to the unbroken Cartan generators of the four-dimensional gauge group, which are in one-to-one correspondence with the U(1) currents f' f for each complex fermion f:
The charges Q(f) can be shown to be identical with the momenta of the corresponding compactified scalars in the bosonic formulation [ 151. The representation The superpotential of the model is [12] w = XIFFh + X2Ff& + X&'h + X4HHh
---
where the Yukawa couplings xr 2 3 6 7 s are matrices in generation space. , , * 9 I One splitting problem, has a see-saw neutrino mass spectrum, and avoids rapid proton decay [12] .
Our string model is generated by the following basis with eight elements: 
in a self-explanatory notation. We have reported in this paper on a first attempt at model-building with the fermionic formulation of four-dimensional strings [8, 9] . We arrived at a supersymmetric flipped SU(5) GUT [12] which is distinguished by its natural doublet-triplet mass-splitting mechanism, its see-saw neutrino mass matrix and the absence of any adjoint (or higher) Higgs representations. We have found a fermionic string theory which almost reproduces the desired model, modulo questions about the charge +2/3 quark masses, the conjugate neutrino masses, U(1)
anomalies and the scale of sup&symmetry breaking. As we have argued above, some of these difficulties may resolve each other. One possible line of future research would be to tune up the model presented here. Another would be to look for other phenomenologically appealing models in the fermionic formulation of four-dimensional strings. However, even if a very attractive string theory were found, there would still be the problem of divining how and why Nature chose that particular string theory.
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